. Direct correlation between bond order and the average bond energy for three important atom pairs (The data from ref.
[1] ). These parameters are widely used to describe the differences in the nature of chemical bonds. For example, as can be seen in Fig. S7A , in contrast to ionic or mixed ionic/covalent interactions, the Laplacian of the pure covalent C-C bonds is clearly negative. The key parameter to define the bond character is then the ratio between absolute value of the potential and kinetic energy densities at the bond critical point [2] , which is in turn related to the Laplacian value at this same position by the local expression of the quantum virial theorem [3] . For the ionic bonds this ratio is smaller then 1 (Laplacian >0), for the pure covalent bonds the ratio is larger than 2 (Laplacian <0), while the mixed interactions have the ratio between 1 and 2 (Laplacian >0). According to this parameter, the Cr-Cr interactions can be characterized as mixed ionic/covalent ones (Fig. S7B) . Table S1 . The results of the exponential fitting of the quantum chemistry data by Eqs 1 and 3: Bond valence parameters and electron density constants for typical atomic pairs. n is a number of data points. [5b, 5d, 5f, 7h, 7i, 7s, 8a, 8e, 8i, 9b, 9e, 9f, 9j, 9m, 12] 9 N-O 1.43 0.37 0.86 240 1.705 0.40 1.00 187 [5b, 7g, 7w, 7z, 8j, 8u, 9d, 9l, 11r, 12z, 12ae, 13] 10 [5b, 5d, 7j, 7ab, 13m, 14d, 16] 13 Si-N 1.65 0.375 0.97 170 1.645 0.515 0.98 216 [8q, 10q, 10t, 10u, 14e, 14i, 14j, 14o, 14u, 14w, 14y, 17] 14 N-C 1.43 0.335 0.97 200 1.725 0.47 1.00 287 [5b, 5d, 7g-i, 7s, 8a-g, 8i, 8j, 9b, 9d, 9i, 9l, 9o, 12k, 12n, 12r, 12t, 12aj, 12am, 13e, 13k, 13o-q, 16n, 17f, 17l, 18] 15 C-C 1.51 0.345 0.96 373 1.76 0.485 0.99 786 [5b-d, 5f, 7h, 7i, 7p, 7s, 8a, 8e, 8i, 9d-g, 9i-m, 12d, 12j, 12k, 12n, 12r, 12t, 12al, 18c, 18e-g, 18x, 19] 16 [10f, 10i, 10o, 10p, 10u-w, 10z, 14a, 14f, 14i, 14j, 17j, 17p, 17t, 18p, 19o, 20] 17 [8k, 8o, 12aj, 14i, 15c, 15e, 15l, 15p, 17g, 17m, 18m, 18t, 22] 19 [8j, 8k, 9g, 9i, 9m, 9o, 9q, 12n, 12o, 15l-o, 18j, 18m, 18t, 18v, 20ac, 22o, 22r, 24] 21 C-S 1.83 0.325 0.97 203 1.903 0.533 0.98 220 [5d, 5g, 7g, 7h, 8b, 8u, 12n, 12ac, 12al, 14k, 18g, 18i, 18l, 18s, 18v, 19m, 23k, 25] 22 [7u, 9d, 12t, 16a, 16b, 16p, 26k, 27g, 29b, 29h, 31c, 32] 29 [19l, 26k, 27a, 27h, 33] 30 [12x, 15a, 26k, 27a, 28h, 33c, 34] 31 [12j, 19k, 26k, 28l, 30i, 31b-e, 31i-l, 40f, 41n, 42] 39 [9a, 9g, 9h, 11f, 12g, 19i, 19p, 26e, 26i, 26j, 37n, 39c, 39e, 47] 44 Cr-C 1.89 0.345 0.90 157 [9a, 12d, 12f, 12j, 12w, 12aa, 12ah, 19e, 19f, 26j, 28g, 40e, 47a, 48] 45 [12d, 18c, 18d, 32ac, 43b, 43d, 43h, 43m, 48i, 49d, 53] 50 Mo-C 2.035 0.365 0.94 109 1.942 0.50 0.96 62 [12v-z, 12ah, 19c, 26j, 34b, 44e, 47g, 48g, 54] 51 [11q, 53j, 58b, 58d, 58e, 59] 57 Fe-P 2.13 0.485 0. 90 41 [9c, 12i, 12w, 22b, 41b, 41d, 41g, 50i, 50m, 50n, 60] 58 Mo-P 2.353 0.29 0. 93 52 [12v-z, 15a, 44b, 44g, 54c, 54j, 61] 59 [37e, 37g, 46r, 57d, 65z, 70k, 75] [89] * VEC = the total number of valence electrons of the cluster. 
12.2.
Electron density at the bond critical points in 5,8,9,10-Tetrahydro-6H-1,3-
dioxolo[4,5-h]pyrrolo[2,1-b]-[3]benzazepine-11-carbonitrile
Eq. 3 This work
Ref. [91] Relative difference, % C19-O20 C19-O18 C16-O20 C15-O18 
12.3.
Electron density at the bond critical points in MeCp(CO)2Mn=C(OEt)Me.
The first and the second rows are related to the experimental and theoretical data, respectively, of the original work.
Ref. [92] Relative difference, %
Mn1-C15 Ref. [93] Discrepancy in the number of valence electrons, v.u. 
